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INDIA. Power MOSFETs a r e used as s w i t c h i n g elements. E x p e r i m e n t a l system o f 1kW c a p a c i t y i s a l s o e x p l a i n e d , w i t h b a t t e r y c h a r g i n g as a s p e c i f i c a p p l i c at i o n .
T h i s paper d e a l s w i t h some d e s i g n i s s u e s i n v o l v e d i n a p h o t o v o l t a i c power

1.INTRODUCTION T h i s paper d i s c u s s e s t h e d e s i g n o f a modular power c o n d i t i o n i n g system used i n p h o t o v o l t a i c a p p l i c a t i o n s . T h i s power c o n d i t i o n i n g system a l s o i n c o r p o r a t e s t h e MPPT c o n t r o l l e r t o o b t a i n t h e maximum p o s s i b l e energy f r o m t h e pv
a r r a y . The system i s designed i n such a way t h a t t h e t o t a l power o u t p u t i s shared by s e v e r a l power c o n d i t i o n i n g u n i t s (PCUs) r u n n i n g i n p a r a l l e l . The power c o n d i t i o n i n g u n i t s a r e used f o r matching t h e l o a d w i t h t h e pv a r r a y . Each o f t h e PCU i s powered from a s e p a r a t e pv a r r a y . The PCUs d e l i v e r t h e power i n t o t h e same l o a d , w h i c h i s a
40
v o l t b a t t e r y bank. A l l t h e PCUs a r e c o n t r o l l e d by a pP based c o n t r o l l e r f o r optimum u t i l i z a t i o n o f t h e a v a i l a b l e energy.
The p a r a l l e l c o n f i g u r a t i o n o f PCUs o f f e r s s e v e r a l advantages. The power r e q u i r e d t o be handled by one PCU i s reduced,, which makes t h e PCU d e s i g n s i m p l e r and make i t more e f f i c i e n t . T h i s c o n f i g u r a t i o n o f f e r s t h e system expansion D p t i o n a t a v e r y low c o s t , f o r i n c r e a s i n g t h e power h a n d l i n g ca.pacity o f t h e system. The system r e l i a b i l i t y i s i n c r e a s e d as t o t a l s h u t down i s n o t r e q u i r e d i n zase o f a f a i l u r e . A c e n t r a l i z e d c o n t r o ll e r o f f e r s t h e ease o f c o n t r o l and superv i s i o n o f t h e e n t i r e system. F i g u r e 1 shows an e x p e r i m e n t a l system o f 1 kW c a p a c i t y which i s e x p l a i n e d i n t h i s paper.
2.PHOTOVOI T A I C ARRAY CHflRACTERISTICS
The power o u t p u t o f a pv a r r a y depends s i g n i f i c a n t l y on t h e srrsv g h a r a c t e r i s - 
. F i g u r e 3 shows t h e l o c u s o f MPP as t h e i n s o l a t i o n changes. As t h e MPP changes t h e power d e l i w r e d t o t h e l o a d i e reduced. T h e r e f o r e a power c o n d it i o n i n g u n i t , c a l l e d m a x i m u m power p o i n t t r a c k e r (MPPT), i s r e q u i r e d t o match t h e l o a d t o t h e pv a r r a y i r r e s p e c t i v e o f t h e v a r i a t i o n s
i n t h e MPP o r i n t h e l o a d i t s e l f . The maximum power i s t r a n s f e r r e d o n l y under t h e matched c o n d i t i o n s .
. .
3.POWER CONDITIONINE UNIT (PCU)
T h i s p a r t i c u l a r system i s used f o r c h a r gi n g a 48 v o l t b a t t e r y bank. The need f o r an MPPT, i n t h i s a p p l i c a t i o n i s q u i t e c l e a r as b o t h MPP and t h e b a t t e r y v o l t a g e a r e changing C4J. A PWM c o n t r o l l e d DC-DC c o n v e r t e r can be used i n t h i s a p p l i c a t i o n f o r power c o n d i t i o n i n g and m a t c h i n g . I n t h i s system a t o t a l power o f 1 KW i s shared by two PCUs o p e r a t i n g i n p a r a l l e l . The power shared by each PCU i s d e c i d e d by t h e MPP o f t h e pv a r r a y connected t o i t . PCU i s a PWM c o n t r o l l e d DC-DC conv e r t e r .
The o p e r a t i n g p o i n t on pv a r r a y i s a d j u s t e d t o MPP by c o n t r o l l i n g t h e d u t y c y c l e o f t h e PCU. V a r i o u s c o n v e r t e r t o p o l o g i e s can be employed f o r PCU. I n t h e p r e s e n t work, a buck c o n v e r t e r i s used f o r power c o n d i t i o n i n g . A comparat i v e s t u d y o f v a r i o u s c o n v e r t e r s shows t h a t buck c o n v e r t e r r e q u i r e s l o w e r d e v i c e r a t i n g s than o t h e r c o n f i g u r a t i o n s , f o r t h i s a p p l i c a t i o n . The o u t p u t c u r r e n t ( c h a r g i n g c u r r e n t ) i s r o u g h l y 10 A f o r each PCU a t Deak i n s o l a t i o n c o n d i t i o n .
I t s h o u l d be n o t e d t h a t t h e i n p u t c u r r e n t ( a r r a y c u r r e n t ) f o r t h e buck c o n v e r t e r i s o f d i s c o n t i n u o u s ( s w i t c h i n g ) n a t u r e . T h i s * ' e s u l t s i n an u n s t a b l e o p e r a t i n q p o i n t on pv a r r a y w h i c h s w i t c h e s between MPP and t h e open c i r c u i t and r e s u l t s i n t h e
PV ARRAY SIZING I t i s i m p o r t a n t t o n o t e t h a t t h e buck c o n v e r t e r can match t h e l o a d t o t h e pv a r r a y if t h e l o a d i s l e s s t h a n t h e o p t im u m l o a d f o r t h e pv a r r a y . T h e r e f o r e pv a r r a y s must be c o n f i g u r e d such t h a t t h e w o r s t case ( l o w e s t ) MPP v o l t a g e i s more
t h a n t h e maximum o u t p u t v o l t a g e . Kyocera p o l y c r y s t a l l i n e pv p a n e l s a r e used i
n t h i s work. Each panel i s r a t e d f o r 4 4 peak w a t t w i t h t h e open c i r c u i t v o l t a g e o f 20 v o l t s . S p i c e c i r c u i t simul a t i o n was used t o s i m u l a t e t h e i -v c h a r a c t e r i s t i c s o f t h e pv p a n e l under d i f f e r e n t i n s o l a t i o n and t e m p e r a t u r e c o n d i t i o n s . The S p i c e model used i s shown i n f i g u r e 4 . I n t h i s s i m u l a t i o n a c u r r e n t s o u r c e whose v a l u e i s changed a c c o r d i n g t o t h e i n s o l a t i o n , i s used i n p a r a l l e l w i t h a d i o d e s t r i n g t o model t h e P V module. The d i o d e p a r a m e t e r s i n t h e s p i c e model a r e chosen c a r e f u l l y so t h a t t h e s i m u l a t e d c h a r a c t e r i s t i c s match w i t h t h e c h a r a c t e r i s t i c s s u p p l i e d by t h e rnanutact u r e r .
The S p i c e s i m u l a t i o n a l s o t a k e s c a r e o f t h e t e m p e r a t u r e v a r i a t i o n e ff e c t s . The r a t e d peak power o f t h e PV module i s a v a i l a b l e o n l y a t t h e r e f e rence c o n d i t i o n s i . e . an i n s o l a t i o n o f 1 kw/mz and c e l l t e m p e r a t u r e o f 27 O C .
B u t i n p r a c t i c e , h i g h i n s o l a t i o n i s always accompanied by h i g h c e l l t e m p e r a t u r e s , i n w h i c h case t h e MPP v o l t a g e o f a pv a r r a y i s found t o be t h e l o w e s t . T h i s f a c t must be c o n s i d e r e d b e t o r e s i z i n g t h e pv a r r a y f o r t h e r e q u i r e d a p p l i c a t i o n . S p i c e s i m u l a t i o n r e s u l t s a r e used t o c o n f i g u r e t h e
w a t t pv a r r a y s u c h t h a t MPP o p e r a t i o n i s p o s s i b l e a t an i n s o l a t i o n o f
1 kw/m2 and t h e c e l l t e m p e r a t u r e o f 60 O C (Vmp = 12 v o l t ) . T h i s r e s u l t s i n connecti n g s i x pv p a n e l s i n s e r i e s . Two such s t r i n g s a r e connected i n p a r a l l e l t o g e t t h e r e q u i r e d power and v o l t a g e r a t i n g s .
. 2 NOSFET HASEU POWER CONVEHl-EH
FI MOSFET i s used as a s w i t c h i n g d e v i c e as i t 1 5 easy t o c o n t r o l and can be o p e r a t e d a t
h i g h e r f r e q u e n c i e s as compared t o BJTs. F o r t h e s e l e c t e d l o a d and pv arr-ay c o n f i g u r a t i o n , i t can be shown t h a t t h e d u t y c y c l e m u s t be v a r i e d from 0.33 t o 0.90 t o a c h i e v e MPP o p e r a t i o n . The f l o a ti n g g a t e d r i v e used i s shown i n F i g u r e 5.
The d r i v e r t r a n s i s t o r s (01.02) a r e d r i v e n o u t o f phase, i n a l t e r n a t e c y c l e . The d i i t y c y c l e r a t i o f o r t h e i n d i v i d u a l t r a n s i s t o r v a r i e s between 0 and 0 . 5 . The two s e c o n d a r i e s a r e ORed so t h a t t h e r e s u l t a n t d u t y c y c l e can be v a r i e d from 0 t o 1.0. The g a t e d r i v e c i r c u i t g r e a t l y a f f e c t s t h e e f f i c i e n c y o f t h e c o n v e r t e r . The e f f i c i e n c y o f 92% ( a t f u l l l o a d ) and 83% ( a t 30% l o a d ) has been a c h i e v e d d u r i n g t h e e x p e r i m e n t a l phase o f t h e p r o j e c t .
. M E CONTROLLER V a r i o u s schemes have been proposed t o implement t h e maximum power p o i n t t r a c ki n g f u n c t i o n [ Z ] .
A t e c h n i q u e based on t h e dP/dV method i s implemented i n t h i s work. The pP based approach used i n t h i s p r o j e c t , o f f e r s a s i m p l e r and a s t a b l e s o l u t i o n .
I t a l s o o f f e r s s e v e r a l o t h e r u s e f u l f e a t u r e s l i k e good s t e a d y s t a t e and t r a n s i e n t response, f l e x i b i l i t y i n t h e c o n t r o l a l g o r i t h m w h i c h a r e d i s c u s s e d i n t h i s paper. The system i s b u i l t around 80C31 m i c r o c o n t r o l l e r which has a p o w e r f u l i n s t r u ct i o n s e t , w i t h b u i l t i n m u l t i p l y f u n ct i o n .
The c o n t r o l l e r uses an 0 b i t , 8 channel ADC i n t e r f a c e f o r r e a d i n g t h e v o l t a g e and c u r r e n t o f each o f t h e PV a r r a y .
These v a l u e s a r e used f o r c a l c ul a t i n g t h e i n s t a n t a n e o u s power o u t p u t o f t h e pv a r r a y . DOC i n t e r f a c e i s used f o r g i v i n g t h e c o n t r o l s i g n a l s t o t h e PCUs.
. 4 CONTROL CILGORITHM
FI
t i m e r i n t e r r u p t i s g e n e r a t e d a t e v e r y lOOmS f o r i n i t i a t i n g t h e c o n t r o l a c t i o n . I n i t i a l l y on s t a r t u p , t h e d u t y c y c l e is s e t t o ZERO and i s g r a d u a l l y i n c r e a s e d . A t each i n t e r r u p t t h e s i g n o f dP/dV i s c a l c u l a t e d . I t can be seen f r o m f i g u r e 2 t h a t dP/dV i s p o s i t i v e on t h e l e f t hand s i d e 
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